This study aimed to analyze effects of the exchange rate adopted in Brazil as well as pulp and paper prices in the U.S. on pulp and paper prices in Brazilian currency, from April 2003 to February 2009. To attain that, the shift-share method was used, and analysis results indicated that price variations in Brazilian currency were more strongly influenced by exchange rate variations than by variations in dollar prices, demonstrating the importance of the exchange rate policy adopted by Brazil in the behavior of pulp and paper prices.
INTRODUCTION
The pulp and paper sector has been of crucial importance for the Brazilian economy, opening up new sources of foreign currency, creating jobs, generating taxes and income. According to the Brazilian Pulp and Paper Association-Bracelpa (2008) , in 2007 the revenues generated by exports and tax collection in the Brazilian pulp and paper sector totaled around US$4.7 billions and R$2.1 billions respectively, and the balance of trade result reached US$ 3.4 billions. Additionally, the sector generated 110 thousand direct jobs and 500 thousand indirect jobs in that same year in Brazil.
With the U.S. financial crisis looming in the second semester of 2008, the worldwide demand for wood pulp and paper declined considerably. With declining demand, a price slump followed toward the latter part of the year in the U.S. and in other countries, including Brazil (CELULOSE ONLINE 2009 , SILVA et al. 2009 ).
In the period between May 2008 and January 2009, short fiber pulp prices fell by 26% in São Paulo state, while offset paper prices, roll and A4, fell by 25% and 30% respectively. In the same period, long fiber pulp prices slumped by 47% in the U.S. (FOEX, as cited by CELULOSE ONLINE 2009).
The fall in pulp and paper prices in the international market as observed in past months had negative effects on the forest economy worldwide, including Brazil-ranked sixth in the world for production of pulp all types being considered, first for production of short fiber pulp and eleventh for paper production-, significantly contributing to the current crisis faced by the Brazilian sector.
Given that international pulp and paper price in Brazilian currency is derived by multiplying the international price in U.S. dollar by the real exchange rate adopted by Brazil (R$/US$), any variation in these factors, isolated or combined, potentially affects domestic prices.
Following the above line of reasoning, it can be inferred that the exchange rate adopted in Brazil has great importance in defining internal pulp and paper prices, due to their dependence on prices practiced by the U.S.
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Therefore, the objective of this work is to investigate the effects of the exchange rate adopted in Brazil on international prices of pulp and paper expressed in Brazilian currency, and the consequences of that for the internal market.
The need for related research becomes critical to supply new information on which to base efficient planning of production, commercialization, prognosis and formulation of policies for the development of the Brazilian forest sector.
MATERIAL AND METHODS

Data source
Monthly time series data were used from the period between April 2003 and February 2009. Pulp prices in the international market refer to short fiber pulp prices in the U.S. Paper prices refer to newsprint prices, also in the U.S. The reason for using pulp and paper prices practiced in the U.S. is that prices practiced on these products by Brazil at international level are believed to be influenced by U.S. prices, the country being the largest producer and also a major exporter and consumer of these products, according to the Food and Agriculture Organization-FAO (2009 Some data being unavailable and understanding that the obtained data will suffice for the intended purposes of the research, this study covered a relatively short time span and specific pulp and paper types.
Shift-share method
The method adopted was the shift-share model, a tool originally proposed by Curtis (1972) to analyze changes in employment and income patterns of rural economies in Alabama between 1960 and 1969. Changes were split into three effects: national growth, composition of economic activities and regional differences in economic activities.
The above method has been widely used in economics literature to explain changes in the composition of agricultural production, through decomposition of the following effects: (i) cultivated area, in turn split into scale and substitution effects; (ii) yield per hectare; (iii) geographic location; and (iv) crop structure. Studies by Almeida (2003) , Curi (1997) , Felipe & Maximiano (2008) , Igreja et al. (1983) , Moreira (1996) , Patrick (1975) , Shikida & Alves (2001) , Souza & Lima (2002) and Yokoyama (1988) adopted this model to evaluate sources of output growth by decomposing the above effects. Patrick (1975) Following the same procedure, a study by Yokoyama (1988) analyzed the evolution of the agricultural sector in Goiás state between 1975 and 1984 , and Moreira (1996 The shift-share model can also be used to explain the effects of exchange rate variation on prices of agricultural products, by decomposing the total effect of price variation, as expressed in Brazilian currency, into the dollar effect which results from international price changes and the exchange rate effect which results from exchange rate changes, as discussed in the works of Reis & Campos (1998) and Silva & Carvalho (1995) .
Studies of this kind being scarce and related literature failing to provide material with this model applied to forest products, and considering its importance, this obtained from Effects of the exchange rate on international... work aims to decompose variations in international price of pulp and paper as expressed in Brazilian currency into the two above effects, according to Reis & Campos (1998) and Silva & Carvalho (1995) .
Both studies-Silva & Carvalho (1995) and Reis & Campos (1998) -considered that the price in Brazilian currency of a commodity traded in the external market is based on its dollar price and the nominal exchange rate adopted in Brazil. Yet, Silva & Carvalho (1995) determined these effects considering a cross-sectional analysis while Reis & Campos (1998) considered a time frame.
For the above authors, the price in Brazilian currency of a commodity traded in the external market is derived from its dollar price and the nominal exchange rate adopted in Brazil. According to Krugman & Obstfeld (2005) , nominal exchange rate refers to the relative price of two currencies, thus differing from real exchange rate in that the latter refers to the relative price of two market baskets of a commodity. Mathematically, real exchange rate can be expressed by equation (1):
where E is the real exchange rate; e is the nominal exchange rate; P* is the Brazilian market price index, known as 'IPA'; and P refers to the external market price index, corresponding to U.S. 'IPA'.
Based on the above principle, the variation in paper and pulp price, expressed in reais, for a time interval t, is given by equation (2):
where:
t PR = paper and pulp price in Brazilian reais; t PD = paper and pulp price in U.S. dollars; and t E = real exchange rate of Brazil (R$/US$).
Similarly, to derive the variation in paper and pulp price in initial period 0 ( 0 PR ), one should consider the dollar price in that initial period ( 0 PD ) and the real exchange rate of Brazil referring to that initial period ( 0 E ). Equation (3) expresses variation in paper and pulp price, in Brazilian reais, with only the dollar price fluctuating.
By contrast, when the exchange rate fluctuates, and other elements being constant, equation (4) is derived:
To determine the variation in paper and pulp price, in Brazilian reais, between initial period 0 and period t, equation (5) indicates total variation in paper and pulp price, in reais, and breaks down into international price effect, in dollars, and exchange rate effect, respectively represented by the first and second terms to the right of equation (5).
According to Silva & Carvalho (1995) , the price effect isolates variations in the price of an agricultural product, expressed in reais, resulting from variations in its price in the external market, expressed in dollars, while the exchange rate effect follows the same line of reasoning only with exchange rate figures.
These effects can be expressed individually in the form of growth rates. Mathematical handling of equation (5) derives the average monthly rate of variation in paper and pulp price, in reais and in percentage terms, as given by equation (6) Equation (6) corresponds to total effect, which is decomposed into international dollar price effect and exchange rate effect respectively, according to equation (7):
Initial period 0 is assumed to be the same as period t -1 for purposes of determining monthly rate between two periods.
To complement the analysis, the coefficient of variation (CV) was calculated of pulp and paper prices in Brazilian currency, and of the exchange rate, in order to assess price instability throughout the period, as given by equation (8). 100 . where: CV x = coefficient of variation of variable x; ó x = standard deviation of variable x; MED x = mean of variable x.
RESULTS AND DISCUSSION
Before analyzing dollar and exchange rate effects on pulp and paper prices in Brazil, one should look into the price pattern of these products during the relevant period, as well as the exchange rate, as illustrated in Figure 1 .
It can be noted that while exchange rate and pulp prices in Brazilian currency fluctuated, international pulp prices increased from April 2003 to August 2008. As of September 2008, with the U.S. financial crisis, pulp prices dropped in Brazil and in the U.S., followed by an exchange rate drop.
The coefficient of variation (CV) revealed a degree of instability in pulp prices in Brazilian currency (CV=10.34%). This variation resulted to a large degree from the exchange rate effect and to a lesser degree from the dollar effect, exchange rate showing greater variation (CV=17.78%) than dollar price (CV=15.24%).
As The coefficient of variation (CV) revealed some instability also in paper prices in Brazilian currency (CV=18.26%). This variation resulted to a large degree from the exchange rate effect and to a lesser degree to the dollar effect, exchange rate showing greater variation (CV=17.78%) than dollar price (CV=11.86%).
Figura 1 -Preços nominais mensais da celulose (a) e do papel (b) e taxa de câmbio real média do
Variations in exchange rate contributed to variability in pulp and paper prices in Brazilian currency. According to Silva & Carvalho (1995) , real exchange rate variation can equally increase or decrease price variability in Brazilian currency. Variability will be increased if, predominantly, at times when the currency is strong, prices in dollar are going down, and viceversa. If the reverse occurs, instability will be less noticeable, when prices on which to base calculations are in Brazilian currency.
Other than exchange rate variation, dollar price also explains price variation in Brazilian currency (Table 1) . Variations were noted in international prices of pulp and paper, in Brazilian currency, when monthly rates of increase were calculated (total effect). Greater variation in pulp price was noted in October 2008, when the monthly rate of increase reached 15.728%, relative to September 2008. This price increase in Brazilian currency was influenced mainly by the exchange rate (exchange rate effect), which fluctuated by about 20.732%, followed by a -5.004% variation in the dollar price (dollar effect). Then a drop followed in the monthly rate of increase in pulp price in Brazilian currency after this period. Slighter variation in the rate of increase in pulp prices was noted in August 2006, at 0.009%. This rate consists of the sum of dollar effect, at 1.184%, and exchange rate effect, at -1.175%.
As for paper, greater variation in price was noted also in October 2008, when the monthly rate of increase reached 76.76%, relative to September the same year. The increase in dollar price (dollar effect), which fluctuated by about 45.09%, was the main contributing factor to the increase in paper price in Brazilian currency, followed by a 31.67% variation in the exchange rate (exchange rate effect). Slighter variation was noted in November 2006, at 0.09%. This rate consists of the sum of dollar effect, at -0.87%, and exchange rate effect, at 0.95% (Table 1) .
The exchange rate effect was noted to prevail in this study, the dollar effect being relatively slighter in the breakdown of pulp and paper prices, in Brazilian currency. Yet, in the case of pulp, the negative dollar effect from November 2008 to February 2009 had great significance, overriding the exchange rate effect. In these periods, the positive dollar effect caused prices in Brazilian currency to show great negative variations. In the case of paper, the positive dollar effect in October 2008 overrode the exchange rate effect, causing paper prices to show greater positive variations.
According to Silva & Carvalho (1995) , real exchange rate variations exert considerable impact on the external competitiveness of an export. In the specific case of pulp and paper, real exchange rate variations can be compounded by the effects of incentives to exports and production in other countries, with implications for the Brazilian pulp and paper sector regarding external competitiveness (GARCIA 2002 , SIQUEIRA 2002 . Inherently, competitiveness depends on factors other than price alone, yet price is an important component.
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CONCLUSIONS
From obtained results it can be inferred that the behavior pattern of pulp and paper price in Brazilian currency differed from that in U.S. dollar, for the period in question. This fact indicates that dollar prices had less influence on prices in Brazilian real than the exchange rates adopted over the period in question.
The intensity of the exchange rate effect on variability in pulp and paper prices in Brazilian currency was conditional on the intensity of dollar price variations, indicating that variations in exchange rate can reduce, invalidate or potentiate the effect of dollar price variations. This indicates that adopting an exchange rate that makes the national currency stronger could lead to harmful consequences for the Brazilian pulp and paper sector, possibly aggravating the crisis currently faced by the sector.
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